Acute effects of parathyroid hormone on proximal bicarbonate transport in the dog  by Puschett, Jules B. et al.
Kidney International, Vol. 9 (1976) p. 501—510
Acute effects of parathyroid hormone on proximal
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Acute effects of parathyroid hormone on proximal bicarbonate
transport in the dog. Re-collection micropuncture and simultaneous
clearance studies were performed in thyroparathyroidectomized
(TPTX) dogs to evaluate the effects of the acute administration of
parathyroid hormone (PTH) on bicarbonate reabsorption. The iv.
administration of PTH from 74 to 94 U/hr reduced proximal
fractional reabsorption (FRHCO,) from 0.28 + 0.03 to 0.14 0.03
(P < 0.005) and absolute bicarbonate reabsorption (THCO,) from
556 126 to 255 + 73 pmoles/min (P < 0.05), whereas there were
no changes in Pco2 (37.0 1.4 —. 37.2 + 1.4 mm Hg, P> 0.90),
plasma bicarbonate (PHCO,) (18.5 0.4 —. 18.3 0.4, P > 0.60),
single nephron glomerular filtration rate (102.2 15.9 —. 90.1
10.3 nI/mm, P> 0.40), serum ultrafilterable phosphate concentra-
tion (SUFP) (1.71 + 0.13—. 1.83 0.12 mmoles/liter, P >0.25), or
serum ultrafilterable calcium (SUFca) (1.85 + 0.05 1.88 + 0.05
mEq/liter, P> 0.60). PTH also reduced proximal fractional fluid
(and sodium) reabsorption (0.40 + 0.04 0.28 0.08, P < 0.05)
while TFHCO3 did not change (20.5 + 0.4 —. 20.8 0.4
mmoles/liter) indicating a rejection of bicarbonate proportional to
the inhibition in tubular fluid transport. The invariable reduction
in proximal bicarbonate reabsorption did not uniformly result in
an increased urinary bicarbonate concentration.
Effets aigus de l'hormone parathyroidienne sur Ia reabsorption
proximale de bicarbonate chez le chien. Des experiences de micro-
ponction avec recollection et, simultanément, des determinations
de clearances ont été réalisées chez des chiens thyroparathy-
roidectomisés (TPTX) afin d'évaluer les effets de l'admini-
stration aigue d'hormone parathyroidienne (PTH) sur Ia ré-
absorption du bicarbonate. L'administration intra-veineuse de
PTH—74 a 94 U/h réduit Ia reabsorption fractionnelle proximale
(FRHCO,) de 0,28 + 0,03 a 0,14 0,03 (P < 0,005) et Ia réabsorp-
tion absolue de bicarbonate de 556 126 a 255 73 pmol/min (P
< 0,05) alors qu'aucune modification n'est observée en cc qui
concerne Ia Pco2 (37,0 1,4—. 37,2 1,4 mm Hg, P> 0,90), les
bicarbonates du plasma (PHCO,) (18,5 0,4 —. 18,3 0,4, P >
0,60), Ic debit de filtration glomerulaire par néphron (102,2 + 15,9
—, 90,1 + 10,3 nI/mm, P > 0,40), Ia concentration de phosphate
ultra-filtrable du serum (SUF): 1,71 + 0,13 —. 1,83 0,12
mM/liter (P > 0,25), ou Ia concentration sérique de calcium ultra-
filtrable (SUFca): 1,85 + 0,05—. 1,88 + 0,05 mEq/liter (P> 0,60).
La PTH diminue aussi Ia reabsorption fractionnelle proximale de
liquide (et de sodium) (0,40 + 0,04 —' 0,28 0,08, P < 0,05) alors
que Ic TFHCOS ne change pas (20,5 + 0,4 —. 20,8 + 0,4 mM/liter) cc
qui indique une rejection de bicarbonate proportionnelle a l'inhibi-
tion du transport tubulaire de liquide. La reduction constante de Ia
reabsorption proximale de bicarbonate n'a pas pour consequence
uniforme une augmentation de bicarbonate dans l'urine.
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The proposition that parathyroid hormone (PTH)
may affect bicarbonate reabsorption by the kidney
has arisen from both the clinical [1—11] and experi-
mental [12—14] literature. According to this line of
reasoning, the effect of the hormone, when present in
sufficiently large amounts, is the inhibition of bi-
carbonate reabsorption, resulting in an increase in
urinary bicarbonate excretion, such that in chronic
hyperparathyroidism, for example, continued and
persistent loss of bicarbonate into the urine would
result in a systemic metabolic acidosis. The site of this
action of PTH within the nephron has been consid-
ered to be the proximal convoluted tubule for two
reasons: First, available data indicate that the major-
ity of bicarbonate reabsorption is accomplished in
this tubular segment [15—20] where the hormone has
been shown to be very active in altering ionic trans-
port [21—25]. Second, clinically some patients with
PTH hypersecretion exhibit lowered tubular maxima
for bicarbonate suggesting a proximal, rather than
distal, site of the hormone's action [3, 4, 9, 26]. The
present studies were performed to assess by direct
measurement the effect of PTH on proximal tubular
bicarbonate concentration and transport, and to at-
tempt to correlate any alterations in proximal reab-
sorption of bicarbonate with changes in the composi-
tion of the urine.
Methods
Simultaneous clearance and micropuncture studies
were performed on female mongrel dogs weighing 16
to 22 kg. The animals were thyroparathyroidecto-
mized (TPTX) and were maintained on levothyroxine
sodium (Synthroid, 0.2 to 0.4 mg/day) and a diet
containing 2.15% calcium and 1.40% phosphorous.
No animal was utilized for study before 48 to 72 hr
postoperatively, and most dogs were studied within
one week (maximum, two weeks) of glandular abla-
tion. Adequacy of the parathyroidectomy was as-
sured by accepting for study only those animals in
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which a postoperative fall in serum calcium concen-
tration of at least 30% occurred. All studies began at
8 AM. Food was withdrawn 14 to 16 hr prior to the
experiment but the animals were allowed to have
water. The dogs were anesthetized with sodium pen-
tobarbital (20 mg/kg), an endotracheal tube was in-
serted and the animals were ventilated with a Har-
vard respirator. Catheters were placed in the left
femoral artery for blood sampling and blood pressure
monitoring, and into the left femoral vein for in-
fusions. A cannula was passed into the aorta through
the right femoral artery to a level above the renal
arteries for the later injection of lissamine green dye.
The ureters were cannulated via a suprapubic incision
and the animals were then prepared for micro-
puncture of the left kidney as previously described
[27]. Priming and sustaining doses of inulin were
administered in amounts calculated to provide a
plasma concentration of approximately 100 mg/lOU
ml; the sustaining solution was administered in nor-
mal saline at a rate of 1 mI/mm.
Four to seven mid-to-late proximal tubules were
selected by means of the injection of 0.5 to 1.5 ml of
lissamine green dye intraaortically, and the tubules
were marked with nigrosin dye for later identi-
fication. Tubular fluid samples were obtained for in-
ulin and bicarbonate concentration in random fash-
ion. In a few instances, repunctures were performed
within a few minutes of each other to evaluate
whether any differences in bicarbonate concentration
could be detected which might be dependent upon the
sequence in which aspirates for the determination of
inulin or bicarbonate concentration were obtained.
No such dependency was noted. The kidney surface
was repeatedly covered either with warmed (37°C)
mineral oil or saline. Pilot studies revealed that it
made no difference which of these substances was
utilized as far as the determination of either inulin or
bicarbonate concentration was concerned. Following
the procurement of initial tubular fluid collections for
inulin and bicarbonate, one of the following two
protocols was carried out: 1) Continued hydropenia:
six animals were utilized as time controls; following
the initial tubular fluid and urine collections, a period
of approximately 60 to 90 mm was allowed to elapse,
after which re-collections of tubular fluid were ob-
tained and repeat clearance determinations were
made. 2) To seven TPTX dogs a sustaining infusion
of a highly purified PTH preparation (Wilson Labo-
ratories, Chicago, Illinois) was given in a volume
usually less than 2 mI/hr in normal saline solution at
a rate of from 74 to 94 U/hr. After approximately 60
to 90 mm, tubular fluid was re-collected and clear-
ance determinations were repeated. Arterial pressure
of carbon dioxide (Pco2) in these experiments was
regulated with a respirator so that it remained gener-
ally between 34 and 45 mm Hg, although in two
instances it rose to 47 mm Hg. The Pco2 concentra-
tions obtained in the control and re-collection peri-
ods were maintained within 8 mm Hg (and usually, 3
to 4 mm Hg) of each other.
Analytical methods. Urine samples collected under
mineral oil were analyzed for pH with a pH meter
(Instrumentation Laboratories, model 123) and for
total CO2 by the Van Slyke manometric method.
Arterial blood was collected in heparinized glass sy-
ringes for the measurement of pH and Pco2 on a
blood gas apparatus (Astrup, model BMS2, The Lon-
don Company, Westlake, Ohio). Blood was col-
lected, separated anaerobically under oil and centri-
fuged through a filter cone (Amicon, Inc., Lexing-
ton, MA) for the determinations of serum ul-
trafilterable calcium (SUF) and phosphate (SUFP)
which were performed on an autoanalyzer, by modi-
fication of the methods of Kraml [28] and Gitelman
[29]. Blood and urine concentrations of inulin, so-
dium and potassium were determined by methods
previously described [27]. Tubular fluid inulin con-
centration was obtained utilizing the microfluor-
ometric method of Vurek and Pegram [30], and
measurement of the volumes of timed tubular fluid
collections was performed using a calibrated micro-
pipet [31]. The precautions taken to ensure accurate
measurements of tubular fluid flow have been des-
cribed previously [27].
Tubular fluid bicarbonate concentration was esti-
mated with the microquinhydrone electrode method
originally described by Pierce and Montgomery [32]
as modified by Clapp, Watson and Berliner [17].
Tubular fluid samples were aspirated into micro-
pipets containing water-equilibrated mineral oil col-
ored with Sudan dye which had been preequilibrated
with a gas mixture of 5% C02, balance air. The aspi-
rates were sealed immediately with egg albumin, and
a quinhydrone-covered silver wire (36 gauge) was
inserted into the pipet which was then transferred at
once into a specially designed micropipet holder and
placed in a beaker containing saturated 3M KCI
through which the 5% C02-air mixture was bubbled
continuously. The microquinhydrone pH was read
on an electrometer (Keithley, model 616) employing
the following formula:
Eqb — E01 — EMFpH =
0.0001982T (32)
where Eh equals the standard potential for the quin-
hydrone electrode, Ecai is the standard potential
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of the saturated KC1-calomel electrode and T is ab-
solute temperature. The tubular fluid bicarbonate
concentration was calculated from the Henderson-
Hasselbalch equation employing a pK of 6.10 and a
solubility coefficient for CO2 gas of 0.0301. Before
and after the experiments, the microquinhydrorie sys-
tem was tested utilizing buffers of pH 6 and 7 or 7.38,
which generally provided readings within 0.05 pH
U of the theoretical values, although rarely, a diffe-
rence of as much as 0.10 pH U was obtained.
Analysis of equilibration in the micro quinhydrone
system. Requisite for accurate in vitro microanalysis
of bicarbonate concentration is the complete equili-
bration of the tubular fluid sample with the carbon
dioxide content of the oil in the measurement micro-
pipet. To determine whether full equilibration had, in
fact, occurred the following studies were performed:
several tubular segments were selected and marked
following which two samples were taken in random
order within one to two minutes of each other,
through the same puncture site in each tubule. The
microquinhydrone pH of one sample was determined
immediately with the classical method described
above [17, 32]. The other of the paired samples was
first placed on the surface of a specially designed
chamber, kept at constant temperature, over which
preequilibrated mineral oil (CO2 = 5.14%) was con-
tinuously perfused [33]. Equilibration time in this in
vitro system, the details of which have previously
been described, has been determined to be approxi-
mately 30 mm [33]. Accordingly, 30 to 40 mm later,
the samples were aspirated from the surface of the
chamber and read in a beaker containing 3M KC1
gassed with the same CO2 mixture, utilizing a calomel
half cell and an electrometer (Keithley, model 616).
This measuring system (the beaker, half cell and elec-
trometer) was the same as that used in the "classical"
method in which the pH of tubular fluid aspirates is
determined directly.
Calculations. Plasma and urine bicarbonate con-
centrations were calculated from the Henderson-Has-
selbalch equation using pK values for urine and
blood of 6.13 and 6.10, respectively, and CO2 solubil-
ity coefficients of 0.0309 and 0.0301, respectively.
Glomerular filtration rate (GFR) for the micro-
punctured kidney was estimated as the clearance of
inulin, and the percentage excretion rates for sodium
(Na), calcium (Ca) and phosphate (P) were calcu-
lated as the ratios of the clearance of these ions to
that of inulin, multiplied by 100.
The following formulas were utilized for the analy-
sis of the micropuncture data:
Fractional reabsorption of proximal tubular fluid
(FRH20) = 1 — [P/TF (inulin)], where P and TF are
the plasma and tubular fluid concentrations of inulin,
respectively.
Fractional proximal reabsorption of bicarbonate
(FRHCO3) = 1— [TF/P (bicarbonate/inulin)].
Absolute proximal reabsorptive rate of bicarbo-
nate (THCO3) = plasma bicarbonate concentration
(PHc03) X single nephron filtration rate (SNFGR) X
fractional bicarbonate reabsorption, expressed as
p moles/mi n.
Single nephron filtration rate (SNGFR) = VT X
TF/P (inulin), where VT = the volume of tubular
fluid collected (in nI) per minute, and TF/P (inulin) is
as given above.
Data from the in vitro bicarbonate determinations
were analyzed by means of Student's t test for inde-
pendent variables; for the values obtained in the re-
collection experiments, the t test for dependent varia-
bles was employed [34], utilizing a computer (model
PDP-lO) located at the University of Pittsburgh com-
puter facility.
Results
In Table 1 micropuncture data for the control ani-
mals (A) and those receiving PTH in amounts from
74 to 94 U/hr (B) are summarized. The clearance
data for these studies, presented in Table 2, represent
the values obtained from the micropunctured (left)
kidney only which, however, were very similar to the
data obtained in the right kidney, in each case. Group
B in Table 1 includes one study in which clearance
data were not available for technical reasons (experi-
ment 6), and Table 2, B contains clearance data for
one animal in which micropuncture data are unavail-
able (study 6). In the re-collection studies, the arterial
Pco2 was generally maintained between 35 and 45
mm Hg: in one study it rose as high as 47 mm Hg and
in another fell to 30 mm Hg. However, changes in
Pco2 from the initial collection to the re-collection
phase of the experiments were minimized, so that
differences were generally 4 mm Hg or less, and in
only three studies was this difference as much as 6 to
8 mm Hg (Table 1). No mean differences were noted
in Pco2 from initial collection to re-collection in
either the control animals or those receiving PTH:
control, 40.9 1.7 — 42.2 1.0 mm Hg, P> 0.40;
and PTH, 37.0 + 1.4 — 37.2 1.4 mm Hg, P > 0.90.
In the group of dogs receiving PTH, the initial PHCO3
of 18.5 0.4 mmoles/liter did not differ from that of
the re-collection phase (18.3 + 0.4, P> 0.05, Table 1,
B). Similarly, there were no significant differences
between the plasma bicarbonate values obtained in
either initial collection or re-collection phases com-
paring the group A to the group B animals (P> 0.60
and > 0.40, respectively, Table 1). In those dogs
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examined during a state of continued hydropenia, the
mean TF/P inulin of 1.53 + 0,80 (corresponding to a
proximal fractional fluid [and sodium] reabsorption
of 0.34 0.04) obtained during the initial tubular
collections did not differ from that of 1.46 0.08
(equivalent to a fractional proximal fluid reabsorp-
tive rate of 0.31 + 0.07) observed in the re-collection
period (P > 0.25). Neither did continued hydropenia
alter the fractional (FRHcO3) or absolute (THCO3) rates
of bicarbonate reabsorption—initial values: 0.29
0.05 and 598 166 pmoles/min, respectively; re-
collection: 0.25 0.04 and 511 116 pmoles/min,
respectively (P > 0.30 and > 0.40, respectively; Table
1, A). SNGFR likewise remained essentially con-
stant—initial collection: 98.1 12.0 nI/mm; re-col-
lection, 99.5 13.2 ni/mm (P > 0.80).
Simultaneous clearance determinations in the hy-
dropenic (control) animals demonstrated no ten-
dency toward any consistent variation in GFR, abso-
lute or fractional electrolyte excretion, urinary pH,
SUFca, SUF or serum potassium concentration (PK)
(Table 2, A).
The animals given PTH provided data which were
in sharp contrast to those obtained in the control
group (Tables I and 2). Not only did PTH induce a
fall of 0.12 in fractional tubular fluid reabsorption
(equivalent to a decline in IF/P inulin from 1.56 +
0.05 to 1.32 0.03, P < 0.001), but it also reduced
both FR1103 (from 0.28 + 0.03 to 0.14 + 0.03, P <
0.005) and T03 (from 556 126 to 225 73
pmoles/min, P < 0.05). These changes in transport
were unaccompanied by any alteration in SNGFR
(102.2 + 15.9 —. 90,1 + 10.3 nI/mm, P> 0.40). An
important additional feature of the alteration in bi-
carbonate reabsorption was the fact that tubular fluid
bicarbonate concentration did not change: 20.5 0.4
rind 20.8 + 0.4 mmoles/liter in the initial and re-
collection periods, respectively (P > 0.60). Thus, the
inhibition of bicarbonate reabsorption which took
place was in proportion to that of the tubular fluid.
Perusal of the clearance data for these studies
(Table 2, B) reveals that this proximal rejection of
bicarbonate was accomplished without any alteration
in the mean SUF: 1.73 0.13 and 1.83 + 0.12
mmoles/liter, in the initial and re-collection periods,
respectively (P > 0.25), nor did SUFa or GFR
change: 1.85 + 0.05 —. 1.88 0.05 mEq/liter, P >
0.60 and 36 + 4 39 4 ml/min, P > 0.05.
Noteworthy also is the fact that despite the invariable
fall in proximal bicarbonate reabsorption (Table 1,
B) urinary bicarbonate excretion and pH increased in
only three of the seven animals (Table 2, B). There-
fore, despite a numerical increase, there was no sta-
tistically significant alteration in mean UHCO3V (0.84
+ 0.15 1.91 + 1.22 p moles/mm, P> 0.30) or in
CHCO3/CIfl x 100 (0.13 + 0.02 0.22 0.12, P >
9.40) nor did urinary pH change (6.86 0.07 —. 6.75
0.22, P > 0.60). Likewise, neither CNa/Cin X 100
(0.18 0.03 0.17 + 0.02, P > 0.90) nor PK (3.6
0.2 —* 3.4 0.1 mEq/liter, P> 0.25) varied consis-
tently. However, as expected, PTH administration re-
sulted in an increase in UV in every experiment
(means: 0.52 + 0.14 6.10 + 1.45 pmoles/min, P <
0.01) and in C/C1 X 100 (0.85 + 0.19 —. 8.20
1.47, P < 0.005) (Table 2, B). A numerical reduction
in the percentage of filtered calcium excreted was
observed which was not statistically significant (0.43
+ 0.03 - 0.30 + 0.04, P > 0.05).
Analysis of equilibration in the micro quinhydrone
system. In Table 3 are given the values for bicarbo-
nate concentration determined on paired samples
from 12 tubules. In each case, the specimens were
obtained within one to two minutes of each other.
One was processed by immediate measurement in the
classical manner ("immediate measurements") while
the other was first equilibrated in the in vitro test
system previously described [33] ("equilibrated sam-
ples"). Mean bicarbonate concentration in the sam-
ples measured directly was 21.8 + 1.1 mmoles/liter
and for the "preequilibrated" specimens was 22.7
0.7 mmoles/iiter, P > 0.40. The largest difference
between the tubular fluid pairs was 6.2 mmoles/liter,
whereas the majority of the samples differed by 3.5
mmoles/liter or less.
Discussion
With the development of improved methods for
the ultramicroanalysis of phosphate in tubular fluid
[35], extensive investigative efforts have been ex-
pended in the recent past aimed at evaluating the
effects of various agents which regulate phosphate
transport in the kidney. Paramount among these is
PTH, the phosphaturic agent par excellence. Because
the bulk of phosphate reabsorption occurs prox-
imally, the hormone's effects, particularly in this
tubular segment, have received much attention, with
the result that PTH has been found to inhibit the
proximal reabsorption not only of phosphate, but of
tubular fluid, sodium and calcium as well [21—25].
Bicarbonate, a major constituent of tubular fluid, is
likewise transported to a significant degree prox-
imally, recent estimates placing the magnitude of its
reabsorption at this site at about 80 to 90% of the
filtered load [16—20]. Despite these observations and
the accumulated evidence that a relationship exists
between the reabsorption of phosphate and bicarbo-
nate [14, 36—38], the effect of PTH on proximal tubu-
lar bicarbonate transport has not been studied pre-
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Tubular fluid
Direct
measurement
Preecuilibrated
sample
1 30.4 24.2
2 2Q.l 20.6
3 20.1 20.1
4 22.6 21.6
5 27.1 22.6
6 17.0 19.1
7 21.4 22.4
8 16.6 20.0
9 21.4 26.9
10 20.0 25.7
11 22.4 25.7
12 22.9 24.0
Means 21.8 22.7
1.1 0.7
P >0.40
viously by the micropuncture technique. The data
presented in this communication demonstrate une-
quivocally that the hormone, in addition to its now
well-documented effect to reduce proximal sodium
and water reabsorption, also reduces both absolute
and fractional bicarbonate transport in the proximal
convoluted tubule. Furthermore, the details of its
action on bicarbonate reabsorption are of some im-
portance. Whereas PTH has usually been reported to
reject phosphate proximally out of proportion to the
reduction which occurs in fluid (and sodium) reab-
sorption [21—25], the concentration of bicarbonate in
the tubular fluid did not rise following PTH (see Table
2). These observations indicate that the inhibitory
effect of PTH on bicarbonate transport is a function
of the hormone's ability to inhibit proximal tubular
fluid (and sodium) transport.
Clearance studies of PTH effects on bicarbonate
excretion have recently been reported by two groups
of investigators [39, 40]. Crumb et l noted a reduc-
tion in bicarbonate reabsorption in bicarbonate-
loaded animals, both intact and TPTX, given several
hundred units of PTH [391. In the experiments of
Karlinsky et al, the tubular maximum (Tm) for bi-
carbonate was elevated in TPTX animals and de-
clined to "normal" levels after the administration of
60 U of PTH/hr [40]. Despite the fact that the Tm
was not depressed by PTH below normal levels, these
workers nevertheless demonstrated a reduction in ab-
solute bicarbonate reabsorption, accompanied by in-
creased bicarbonate excretion [40}. In intact, bicarbo-
nate-loaded dogs, no depression of Tm bicarbonate
occurred, yet, as in the TPTX animals, absolute as
well as fractional bicarbonate excretion increased.
Unfortunately, data are not given regarding the ef-
fects of prolonged bicarbonate loading, per Se, on the
renal handling of this i:on. The data reported here
provide a potential answer to the problem of inter-
preting the data obtained by Karlinsky et al. The
micropuncture procedure has two major advantages
over the Tm clearance technique for the study of
bicarbonate reabsorption: First, bicarbonate loading
(utilized as an indirect measure of "proximal" reab-
sorption), with its attendant effects to inhibit trans-
port at this nephron site, is not required with micro-
puncture. Second, while the clearance technique
results in a measurement of overall bicarbonate
handling by the entire kidney, the micropuncture
procedure, when coupled with simultaneous clear-
ance determinations, provides direct measurements
of proximal and distal transport. At the dosage of
PTH utilized in our studies, comparable to those
employed by Karlinsky et al [40] and much smaller
than the massive doses administered by Crumb et al
[39], PTH reduced bicarbonate reabsorption prox-
imally primarily by altering fluid reabsorption. How-
ever, there was no consistent increase in final uri-
nary bicarbonate. Therefore, our data may help to
explain the failure of Karlinsky et alto demonstrate a
reduction in bicarbonate Tm with PTH, while bicar-
bonaturia nevertheless occurred. Our observations
suggest that this constellation of events in their stud-
ies most likely was d-üe either to bicarbonate loading,
per se, or to a significant effect of PTH on distal
bicarbonate transport, assuming that the T pro-
cedure primarily reflects proximal events.
An additional observation of significance is that
PTH did not alter the pH of the tubular fluid con-
tents. Recently, questions have been raised concern-.
ing the validity of utilizing the microquinhydrone
method for the determination of bicarbonate concen-
tration under certain circumstances, and especially
in regard, to its employment for the analysis of in-
tratubular pH. These observations are based on es-
sentially three problems: I) There is the possibility
that the use of large tubular fluid samples will result
in a lack of, or incomplete equilibration between,, the
CO2 content of the mineral oil in the measuring pipet
and that of the specimen [41, 421 In this study,
complete equilibration was verified (see Table 3) by
noting the close agreement between bicarbonate val-
ues obtained when the tubular fluid samples were
processed by the classical method [17, 33] and the
results provided by measurements of paired aspirates
in an in vitro system in which complete equilibration
between specimen and oil occurs within 30 mm [33].
2) In the time which elapses between the removal of
the sample from the tubule and its measurement, CO2
Table 3. Analysis of the effect of specimen preequilibration
on the microquinhydrone determination of bicarbonate concen-
tration in paired tubular fluid samples
Tubular fluid bicarbonate
concentration, mmoles/liier
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may have volatilized from the specimen, spuriously
raising the pH of the sample [42, 43]. However, this
difficulty has been encountered only when the arterial
Pco2 of the experimental animal (and, therefore, pre-
sumably also of the tubular fluid) is rather divergent
from that of the gas mixture with which the mineral
oil in the testing system has been equilibrated. The
Pco2 of the animals in the majority of the re-collec-
tion experiments, both before and after the adminis-
tration of PTH, was close to that of the equilibration
gas mixture, that is, approximately 38 to 40 mm Hg
(see Table 1), thus obviating this difficulty. 3) Finally,
there is a potential problem in accepting the tubular
fluid pH values recorded as representing true in-
tratubular pH because of the recent evidence that in
situ pH may very well differ from "equilibrium" val-
ues as measured with the microquinhydrone method
[42, 44]. This difference in readings, termed a "dis-
equilibrium pH" [45, 46], has been observed in the
rat to occur spontaneously in the distal nephron,
whereas in the proximal tubule, it appears only after
the inhibition of carbonic anhydrase [42, 43]. Unfor-
tunately, in situ pH measurements have not been
performed in the proximal tubule of the dog, largely
as a result of the fact that the pulsatile motion and
respiratory excursion of the kidney in this species
have thus far proved an insuperable problem [47]
(Puschett JB, Zurbach P: unpublished observations).
In addition, in our experience, measurements utiliz-
ing the antimony microelectrode cannot be relied
upon because of difficulties encountered in standard-
izing the latter electrode [34]. However, the TFHCO3
values obtained here are similar to those reported
previously by Bernstein and Clapp [15] and Clapp,
Watson and Berliner [17]. Therefore, although direct
verification of the absence of any disequilibrium
pH in the proximal tubule of the dog is lacking, the
existent rat data renders such an occurrence at least
unlikely.
The accuracy of the measurements of tubular fluid
pH and bicarbonate concentration is of some mo-
ment in considering two additional questions: 1)
What are the implications of these data in regard to
the well-known relationship between the excretion of
bicarbonate and phosphate? 2) Could the hormone
have acted by virtue of an ability to inhibit carbonic
anhydrase?
With regard to the first question, there is now
abundant evidence which documents the fact that
agents or maneuvers which induce a bicarbonate
diuresis also cause a phosphaturia [12—14, 36—38, 48].
In consideration of this relationship, it has been pos-
tulated [14] that the proximal tubular rejection of
phosphate could be induced, or at least abetted by,
either of two mechanisms: 1) Since the pK of the
reaction H2P04- H + HPO4 is 6.8, alkaliniza-
tion of the intratubular contents could shift the pro-
portions between these two major forms of ionic
phosphate such that the less easily transported diva-
lent species would predominate, leading to a greater
rejection of phosphate by the proximal tubular epi-
thelium; or 2) rather than the pH, the important
factor could be the total amount of bicarbonate ion
in the tubular fluid, especially if bicarbonate and
phsophate were competing for a shared transport
pathway. Alternatively, the simultaneous rejection of
bicarbonate and phosphate might merely represent a
nonspecific action common to all or many inhibitors
of proximal reabsorption, resulting in a generalized
impairment in proximal tubular transport, including
(besides phosphate and bicarbonate) sodium, cal-
cium and perhaps other solutes and ions. Assuming
that the proximal tubular pH measurements obtained
in these studies are accurate, the first of the two
postulated mechanisms cannot obtain. Beyond this,
however, the data do not provide a basis for choosing
between the second mechanism involving a shared
bicarbonate-phosphate transport pathway, and the
alternative hypothesis described above.
In respect to the second question, as to whether
PTH may have acted by inhibiting carbonic anhy-
drase, the available information and the data herein
reported suggest that this is unlikely. Utilizing an in
vitro test system, a lack of carbonic anhydrase inhib-
itory activity has been demonstrated by Beck and
Goldberg [48] with dosages of the hormone as high as
150 U/l00 ml, and the addition of vitamin D to the
reaction mixture has been shown not to alter these
results (Puschett JB, Senesky D, Goldberg M: unpub-
lished observations). Furthermore, in experiments
performed in normal human subjects, superimposi-
tion of PTH and acetazolamide upon each other
yielded patterns of urinary bicarbonate and phos-
phate excretion which were distinctive for each
agent. Additionally, the effects of these agents were
additive. Both of these observations suggest a dis-
similarity in the mechanism of their actions [14]. A
recent report by Beck et al [49], indicating carbonic
anhydrase inhibitory activity by PTH in renal cortical
slices, involves the use of rather large amounts of the
hormone as well as the possibility that the pH of the
reaction mixture may have critically affected the test
results [49, 50]. Furthermore, the data resulting from
the present study militate against such an action of
the hormone for the following reasons: 1) The acute
administration of acetazolamide and other carbonic
anhydrase inhibitors invariably results in an elevation
in the tubular fluid concentration of bicarbonate [15,
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16, 41, 44, 51] (Fernandez PC, Puschett JB: unpub-
lished observations) whereas we observed no change
in TFHCOa after the acute administration of PTH. 2)
Carbonic anhydrase inhibitors increase urinary bi-
carbonate excretion since they reduce bicarbonate
reabsorption throughout the nephron, whereas in our
studies, despite an invariable proximal rejection of
bicarbonate, an increase in the urinary excretion of
this ion by the micropunctured kidney did not always
eventuate. Regardless, however, of the exact mecha-
nism by which PTH acts, the fact remains that it did
cause an inhibition of proximal bicarbonate trans-
port, which was not invariably accompanied by a
similar effect distally.
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